Approximately half of the motoneurons produced during development die before birth or shortly after birth. Although it is believed that survival depends on a restricted supply of a trophic sustenance produced by the synaptic target tissue (i.e., muscle), it is unclear whether synapse formation per se is involved in motoneuron survival. To address this issue, we counted cranial motoneurons in a set of mutant mice in which formation of neuromuscular junctions is dramatically impaired (i.e., null mutants for agrin, nerve-derived agrin, rapsyn, and MuSK).
Approximately half of the motoneurons produced during development die before birth or shortly after birth. Although it is believed that survival depends on a restricted supply of a trophic sustenance produced by the synaptic target tissue (i.e., muscle), it is unclear whether synapse formation per se is involved in motoneuron survival. To address this issue, we counted cranial motoneurons in a set of mutant mice in which formation of neuromuscular junctions is dramatically impaired (i.e., null mutants for agrin, nerve-derived agrin, rapsyn, and MuSK).
We demonstrate that in the absence of synaptogenesis, there is an 18-34% increase in motoneuron survival in the facial, trochlear, trigeminal motor, and hypoglossal nuclei; the highest survival occurred in the MuSK-deficient animals in which synapse formation is most severely compromised. There was no change in the size of the mutant motoneurons as compared with control animals, and the morphology of the mutant motoneurons appeared normal. We postulate that the increased axonal branching observed in these mutants leads to a facilitated "access" of the motoneurons to muscle-derived trophic factors at sites other than synapses or that inactivity increases the production of such factors. Finally, we examined motoneurons in double mutants of CNTFR␣ Ϫ/Ϫ (in which there is a partial loss of motoneurons) and MuSK Ϫ/Ϫ (in which there is an increased survival of motoneurons). The motoneuron numbers in the double mutants parallel those of the single MuSKdeficient mice, indicating that synapse disruption can even overcome the deleterious effect of CNTFR␣ ablation.
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More neurons are produced in embryos than are present in adults, the difference reflecting naturally occurring cell death during a defined developmental period (Oppenheim, 1991; Henderson, 1996 ). An important influence on whether a neuron lives or dies appears to be the extent to which it receives adequate trophic sustenance from tissues to which its axon projects. For example, supernormal numbers of sensory and motor neurons died after ablation of limb buds to which these neurons would normally project. Conversely, transplantation of a supernumerary limb rescued a substantial fraction (although not all) of the neurons that would otherwise have died (for review, see Oppenheim, 1991) . Subsequent studies identified a variety of trophic factors that are synthesized by target tissues and capable of promoting survival of cultured neurons (for review, see Oppenheim, 1991; Henderson, 1996; Lewin and Barde, 1996) .
A critical question that remains unanswered is how the amount of trophic support a neuron receives is regulated. For motoneurons, trophic support is provided by muscles, which are synaptic targets, so it is reasonable to imagine that synapses are involved. Indeed, chronic pharmacological blockade of neuromuscular activity results in the rescue of motoneurons that would otherwise die, whereas stimulation of motor axons at higher than normal levels increases cell death (for review, see Oppenheim, 1991) . These results imply that synaptic activity affects motoneuronal survival. In contrast, it is unclear whether synapse formation per se is essential for survival of motoneurons. Here, we used several strains of mutant mice to address this issue.
The mutants we used bear targeted mutations of the agrin, rapsyn, and MuSK genes. Agrin is a critical nerve-derived organizer of postsynaptic differentiation at the skeletal neuromuscular junction, MuSK is a component of the agrin receptor, and rapsyn is a cytoplasmic protein required for clustering of acetylcholine receptors (AChRs) and other signaling components in the postsynaptic membrane (Gautam et al., 1995 (Gautam et al., , 1996 (Gautam et al., , 1999 DeChiara et al., 1996) . Accordingly, mutants lacking any of these three proteins display similar (but not identical) devastating defects in postsynaptic differentiation and die at birth because they cannot breathe. In addition, presynaptic differentiation is disrupted in all three mutants (Gautam et al., 1995 (Gautam et al., , 1996 (Gautam et al., , 1999 DeChiara et al., 1996; Burgess et al., 1999) . The presynaptic defects appear likely to be indirect consequences of the postsynaptic defects, in that MuSK and rapsyn are expressed in muscle fibers but not neurons. Thus, the lack of postsynaptic differentiation presumably interferes with the generation or presentation of a retrograde signal that leads to presynaptic differentiation (for review, see Sanes et al., 1998; Sanes and Lichtman, 1999) .
The fact that motor axons are present in these mutants indi-cated that at least some motoneurons survived. It was not clear from previous work, however, whether the number of surviving motoneurons was normal, greatly reduced, or even larger than normal. To distinguish these alternatives, we analyzed the number of motoneurons in several cranial motor nuclei (trochlear, trigeminal, facial, and hypoglossal) of mutant mice lacking all forms of agrin, only nerve-derived (active) agrin, MuSK, or rapsyn, and their littermate controls. We report here that numbers of motoneurons were greater than normal in all four nuclei of all four mutant strains. Thus, motoneurons can survive without making neuromuscular junctions and therefore must have nonsynaptic means of acquiring trophic sustenance from their targets.
MATERIALS AND METHODS

Animals.
Mice bearing targeted mutations in the genes for MuSK (DeChiara et al., 1996) , rapsyn (Gautam et al., 1995) , and C N TFR␣ (DeChiara et al., 1995) have been described previously. T wo different agrin-deficient mutants were examined; one is a null mutant (R. W. Burgess and J. R. Sanes, unpublished observations) that has a phenotype which is identical to that reported for a severe hypomorph (Gautam et al., 1996) , and the other has a deletion of the nerve-derived z form of agrin (Burgess et al., 1999) . All lines (C57/ B6) were maintained as heterozygotes and crossed to obtain homozygotes. The genes encoding MuSK and C N TFR␣ both reside on mouse chromosome 4, and these are located 26.3 and 19.9 cm, respectively, from the centromere (Valenzuela et al., 1995) . To generate compound heterozygous mutant mice by spontaneous intrachromosomal recombination, we crossed MuSK ϩ/Ϫ and C N TFR␣ ϩ/Ϫ mice and observed that ϳ20% of the progeny were heterozygous for both genes. These compound heterozygotes were then crossed to generate MuSK Ϫ/Ϫ and CNTFR␣ Ϫ/Ϫ double mutants. Histolog y. Brains of newborn mice were fixed in Bouin's solution, dehydrated in a graded series of alcohol solutions, and embedded in paraffin. The brains were serially sectioned (8 m) and stained with cresyl violet. Motoneurons of the different motor nuclei with a clearly identifiable nucleus and nucleolus were counted in every fifth section (Terrado et al., 2000a,b) . We compared motoneuron numbers in mice with synapse disruption (i.e., mice homozygous for the different mutations) with control mice with normal synapse formation using an unpaired Student's t test. Because we did not observe phenotypic differences or variations in the number of motoneurons between wild-type and heterozygous animals, we pooled the values of these mice when indicated (Tables 1 and 2 ). Results are expressed as the mean Ϯ SEM.
Cross-sectional area of motoneurons was measured in 8-m-thick sections stained with cresyl violet using a PC -assisted image analysis system (Z eiss K S 400 Imaging System). Only motoneuron profiles containing a distinct nucleus with nucleolus were included.
Embryonic day (E) 18 embryos were fixed in 4% paraformaldehyde in PBS for 1 hr at room temperature. Whole masseter muscles or cryostat sections of tongue muscle were then stained as described by Burgess et al. (1999) . Briefly, axons were stained with a mixture of mouse monoclonal anti-neurofilament (Sternberger Monoclonals Inc., E xeter, UK) and anti-SV2 antibodies (Developmental Studies Hybridoma Bank, Iowa C ity, IA), and AChRs were stained with rhodamine-␣-bungarotoxin (Molecular Probes, Eugene, OR). The monoclonal antibodies were visualized with fluorescein-conjugated goat anti-mouse IgG1 (Boehringer Mannheim, Indianapolis, I N). Muscles were viewed and photographed with rhodamine-and fluorescein-selective filters.
RESULTS
Neuromuscular defects in muscles innervated by cranial motoneurons
Cranial motor nuclei are advantageous for studies of factors that affect neuronal number because their limits, unlike those of spinal motor columns, are readily defined. However, previous analyses of agrin-, rapsyn-, and MuSK-deficient mutant mice have documented only neuromuscular defects in muscles innervated by spinal motoneurons (limb and axial muscles) (Gautam et al., 1995 (Gautam et al., , 1996 (Gautam et al., , 1999 DeChiara et al., 1996) . We therefore began the present study by assessing the mutant phenotypes in two muscles supplied by cranial nuclei: the tongue, which is innervated by motoneurons in the hypoglossal nucleus, and the masseter, which is innervated by motoneurons in the trigeminal nucleus. Whole muscles and sections were doubly stained with antibodies to neural antigens to label motor axons (visualized with fluorescein-conjugated second antibodies) and with rhodamine-␣-bungarotoxin to label AChRs in the postsynaptic membrane.
Examples from a rapsyn Ϫ/Ϫ mutant and a littermate control are shown in Figure 1 ; similar results have been obtained in MuSK Ϫ/Ϫ and agrin Ϫ/Ϫ mutants (data not shown). In control masseter muscle, axons form a central nerve trunk; individual axons branch to form rudimentary arbors on myotubes, with each presynaptic arbor ( Fig. 1 A, B) being precisely apposed to an AChR-rich patch of postsynaptic membrane ( Fig. 1 AЈ) . In homozygous mutants, in sharp contrast, axons entered the muscle normally, but they grew excessively and failed to form arbors ( Fig.  1 D, E) ; moreover, no AChR clusters were ever detected on the mutant myotubes ( Fig. 1 DЈ) . Similar results were obtained in tongue muscle in which the large number of synaptic sites in the control made the postsynaptic defect in the mutant especially dramatic (Fig. 1C,F ) . In all respects, presynaptic and postsynaptic defects observed in masseter and tongue were similar to those previously described for limb and axial muscles (Gautam et al., 1995 (Gautam et al., , 1996 DeChiara et al., 1996; Burgess et al., 1999) .
Motoneuron survival in agrin-deficient mice
We initially counted motoneurons in mice lacking all agrin isoforms (termed agrin Ϫ/Ϫ ). Agrin-deficient mutant mice are unable to move, and they die in utero or very soon after birth (Gautam et al., 1996; Burgess et al., 1999) . No phenotypic abnormality was seen in the heterozygous littermates (Gautam et al., 1996) . The number of motoneurons was greater in all four cranial nuclei analyzed from these mutants than in the corresponding nuclei of littermate controls (agrin ϩ/Ϫ and agrin ϩ/ϩ ) ( Table 1) . A statistically significant increase was observed in the number of motoneurons in the trochlear (26%) and trigeminal (25%) motor nuclei. Although the difference in the facial and hypoglossal nuclei was not statistically significant, there was a trend toward an increased motoneuron survival.
Motoneuron-derived agrin (z ϩ -agrin) is 100-to 1000-fold more potent in aggregating AChRs than muscle-or glial-derived agrin and is essential for synapse formation (Burgess et al., 1999) . Nevertheless the fact that agrin is also expressed by muscle and glial cells raises the possibility that the increase in motoneuron number observed in agrin Ϫ/Ϫ mice was caused by the deletion of non-neuronal agrin. To test this hypothesis, we analyzed a second strain of agrin-deficient mice (termed agrin ⌬ z /⌬ z ) in which only the neuronal isoform of agrin, z ϩ -agrin, had been deleted.These mice exhibited the same phenotype as those in which agrin was ubiquitously eliminated, and there were no phenotypic differences between wild types and heterozygotes (Burgess et al., 1999) .
In agrin ⌬ z /⌬ z mice, we also found an enhanced survival of cranial motoneurons in the four motor nuclei that were analyzed ( Table 2 ). The biggest increase was observed in the trochlear nucleus, which contained 51% more motoneurons in mutants than in control littermates, followed by the trigeminal motor nucleus, which showed a 17% increase. In the facial nucleus, there was a 10% augmentation in motoneuron number, but this value did not differ significantly from the controls. In addition, we counted the hypoglossal nucleus in one animal, and there were also more motoneurons (28%) than in the control. These results indicate that the absence of neuronal agrin is sufficient to reduce cell death of cranial motoneurons. Because the main role of neural agrin is to trigger AChR clustering, these results strongly suggest that the synaptic disruption caused by the disorganization of AChRs enhances motoneuron survival.
Motoneuron survival in MuSK-deficient mice
The results obtained in agrin-deficient mice suggested that the increased motoneuron survival was caused by synaptic impairment in the periphery; however, a central effect caused by agrin deficiency could not be dismissed. To investigate this alternative, we analyzed the number of motoneurons in MuSK null mutant mice. MuSK is a transmembrane tyrosine kinase, selectively expressed in skeletal muscle in which it is colocalized with AChRs in the postsynaptic membrane (Valenzuela et al., 1995) . It is a component of the agrin receptor complex that plays a key role in AChR clustering. MuSK-deficient mice have a phenotype that is similar to, but more severe than, the null mutants for the agrin protein (DeChiara et al., 1996) . These animals show no movement in utero, AChR levels are uniformly low over the entire myotube, and there is a total absence of AChR clustering and postsynaptic specialization. As with agrin-deficient mice, MuSK null mutants show extensive axonal branching on peripheral myotubes (DeChiara et al., 1996; Gautam et al., 1999) .
We observed that the number of motoneurons was higher in MuSK-deficient animals than in the wild types. The increase in motoneuron number was 37, 59, 38, and 42% in the trochlear, trigeminal, facial, and hypoglossal motor nuclei, respectively (Table 3). In the ambiguus nucleus, MuSK-deficient animals had 62% more motoneurons than wild-type mice. Together, these results indicate that impairment of AChR clustering, independent of its neural (agrin ⌬ z /⌬ z deficiency) or muscle (MuSK deficiency) origin, is sufficient to decrease motoneuron cell death during development.
Motoneuron survival in rapsyn-deficient mice
A third critical regulator of AChR clustering is a 43 kDa cytoplasmic protein called rapsyn that acts downstream from MuSK and is colocalized with AChRs from the earliest stages of synaptogenesis (Noakes et al., 1993) . In the absence of rapsyn, AChRs do not form clusters beneath motor nerve terminals (Gautam et al., 1995) . In several respects, however, the phenotype of rapsyn mutants is less severe than that of agrin or MuSK mutants. First, although axons fail to form terminal arbors, their pattern of branching was less extensive than in agrin-or MuSK-deficient mice (Gautam et al., 1999) . Second, some postsynaptic components, including MuSK itself, aggregate in the absence of rapsyn, forming a rapsyn-independent synaptic scaffold (Apel et al., 1997) . Third, synapse-associated myonuclei remain transcriptionally specialized in the absence of rapsyn and transcribe AChR subunit and other synaptic genes at higher levels than nonsynaptic nuclei in the same cytoplasm (Gautam et al., 1995 (Gautam et al., , 1999 Apel et al., 1997) . Finally, some muscle movement is detectable in rapsyn Ϫ/Ϫ embryos, and neonates are able to breathe for a few hours (Gautam et al., 1995) .
We analyzed cranial motoneurons in newborn rapsyn-deficient mice. As in the other mutant mice previously analyzed, an increase in the number of cranial motoneurons was observed (Table  4) . Rapsyn-deficient mice showed a significant increase in the number of facial (15%), hypoglossal (15%), and trigeminal (35%) motoneurons. The number of trochlear motoneurons, although not significantly different from the controls, was also higher (25%) in the mutant mice.
Motoneuron aspect and size in mice with synapse disruption
We performed a detailed analysis of motoneuron size in the trochlear, trigeminal motor, facial, and hypoglossal nuclei in mice lacking MuSK. We found no significant difference in motoneuron size between mutants and wild-type controls (Table 5 ). Quantitation was less extensive in the other mutants, but we did not observe any striking difference in the size of rapsyn Ϫ/Ϫ or agrin Ϫ/Ϫ motoneurons as compared with control animals. Furthermore, the shape and arrangement of the cytoplasm, nucleus, and nucleolus did not differ detectably between any of the mutants and heterozygous or wild-type controls (Fig. 2) . The normal morphological features and the size of the mutant motoneurons suggest that they are not atrophic.
Motoneuron survival in MuSK-CNTFR␣ double null mutant mice
Mice lacking the cytokine receptor CNTFR␣ showed a 40% motoneuron deficit at birth, suggesting that CNTF-like cytokines provide trophic support for motoneurons (DeChiara et al., 1995) . Because MuSK-deficient mice showed a 37-59% increase in motoneurons (Table 3) , we were interested in knowing whether double null mutants that were deficient in both CNTFR-␣ and MuSK showed a motoneuron phenotype that was characteristic of one of the two mutants. For example, if the motoneurons rescued in the MuSK null mutants were dependent on CNTF-type ligands, then they should die when the CNTF receptor is eliminated. By contrast, if these motoneurons were dependent on neurotrophic factors other than CNTF receptor ligands, then they should survive despite the absence of the CNTFR␣.
We crossed heterozygous mice for CNTFR␣ and MuSK to obtain null mutants with a double deletion. Animals were genotyped using Southern analysis. Null mutant mice deficient in both genes also died at birth, but their morphology appeared to be normal. We counted the number of trochlear, trigeminal, and facial motoneurons in these mice. The double mutants exhibited approximately the same number of motoneurons as the MuSK null mutants alone (Table 6 ). Therefore, the modifications produced by the absence of MuSK completely overcame those caused by CNTFR␣ deficiency.
These results suggest not only that the alterations provoked by synapse disruption are independent of the CNTF receptor pathway but also that these changes are even capable of rescuing motoneurons that would have died normally in the CNTFR␣-deficient animals. Because of the increased branching of the axons, there may be improved "access" of these excess motoneurons to muscle-derived neurotrophic factors other than CNTF homologs that can now rescue these cells. In addition, the CNTFdependent motoneurons in the MuSK Ϫ/Ϫ mice may be rescued at a developmental stage when they are still independent of support from a CNTF-like ligand. 
DISCUSSION
We addressed the question of whether synapse formation affects the number of motoneurons that survive during development. Several previous studies were consistent with the idea that motoneurons would not survive if they failed to form neuromuscular junctions (Oppenheim et al., 1997) . We found, however, that motoneuron number was not decreased in the absence of synapse formation, as might have been expected from previous studies, but actually increased. Although the increased number of motoneurons could result from either an increased motoneuron generation or a decrease in motoneuron death, the former alternative is improbable. MuSK and rapsyn are produced only in the muscle and not in the brainstem or the spinal cord; therefore it seems unlikely that the latter two proteins could affect motoneuron generation. It is therefore highly likely that the increased number of motoneurons results from a decrease in motoneuron cell death.
Cranial motoneurons are differentially affected in "synapse-disrupted" mice A common feature of agrin, MuSK, and rapsyn mutant mice is their inability to form neuromuscular junctions (Gautam et al., 1995 (Gautam et al., , 1996 (Gautam et al., , 1999 DeChiara et al., 1996; Burgess et al., 1999) . In this report, we show that there is also a decrease in programmed cell death (PCD) in motoneurons in four different cranial nuclei. Although some of the differences are not statistically significant, each of 17 comparisons (Tables 1-4) shows that the mutants have more motoneurons than the controls.
In Tables 1-4 , some of the cases of limited differences in the number of motoneurons may have resulted from differences in the genetic background of the mutant mice. To test this possibility, we have combined all of the values of the controls (mice with normal synapses) in the different mutants and used them for a comparison with the experimental values (mice with synapse disruption) ( Table 7) . Indeed, the number of motoneurons in synapsedisrupted mice differs statistically from mice with normal neuromuscular junctions in the majority of the cases. The MuSK
showed the most elevated percentage of motoneurons followed by the rapsyn null mutants, the agrin ⌬ z /⌬ z -deficient mice, and finally the agrin Ϫ/Ϫ animals. With respect to the cranial motor nuclei, the highest percentage of motoneuron survival occurred in the trochlear and trigeminal motor nuclei and the lowest in the facial. The number of hypoglossal motoneurons attained intermediate levels.
The increased survival obtained in the different mutant strains does not rescue all motoneurons from PCD. Considering that at least half of the motoneurons generated during development die during the time of PCD, and because the improved survival varied between 10 and 60%, we can conclude that not all of the motoneurons are affected to the same extent. It is possible that the modifications provoked by synapse disruption are not the same in all of the different muscles and could thus account for the difference in motoneuron survival. The differences could also be explained by a variation in the temporal pattern of PCD in the diverse cranial nuclei, by subtypes of motoneurons that have different trophic factor requirements, or by some residual neuromuscular activity that remains in the mutants.
It is generally considered that there are two different populations of motoneurons, depending on the origin of the muscle cells they innervate: those that innervate somite-derived muscle cells and those that innervate muscle derived from the branchial arches. Our results show that motoneurons innervating both somite-derived (trochlear and hypoglossal) and branchial archderived muscle cells (facial and trigeminal motoneurons) are rescued from cell death when synapses are eliminated. Thus the absence of synapse formation appears to have similar effects on both types of motoneurons.
Although the number of motoneurons affected in the different nuclei of the mutant mice varied, we could not detect any difference in the morphological characteristics of the excess motoneurons as compared with controls. The size of these motoneurons was similar to control animals, suggesting that these cells are in good health and not in the process of undergoing apoptosis.
Theories for increased motoneuron survival during development
It is now generally accepted that neurotrophic factors play a critical role in the regulation of neuronal survival during devel- opment. To explain how neurotrophic factors can be limiting in this context, Oppenheim (1989) proposed a hypothesis based on the access of motoneurons to the neurotrophic factor support by means of increased branching and synaptogenesis on the muscle. This theory also took account of studies showing that chronic muscle blockade in the chick embryo causes increased branching and synaptogenesis, which leads to the rescue of motoneurons from PCD Landmesser, 1988, 1991; Usiak and Landmesser, 1999) . Furthermore, in studies using chronic muscle blockade to examine motoneuron survival, there was no dramatic alteration of the synaptic structure (Laing and Prestige, 1978; Oppenheim, 1978, 1979) , suggesting that the synaptic integrity was not implicated in this phenomenon. In addition, treatments that reduced nerve branching and synapse formation also decreased motoneuron survival (Tang and Landmesser, 1993) . Finally, mutant strains of mouse and chicken embryos that exhibit neuromuscular paralysis during development show an increased branching and synapse formation along with an increased number of motoneurons (Oppenheim et al., 1997) .
Our results allowed us to eliminate one particular aspect of the access hypothesis; all mutants that we studied have profound deficits in synapse formation, although they differ in the severity of the phenotype. The two different strains of agrin-deficient mutant mice show synaptic disorganization accompanied by AChR clusters that are small in size and often remain outside the central endplate (Gautam et al., 1996 (Gautam et al., , 1999 . Rapsyn-deficient mice show an overproduction of AChRs, but there is no cluster formation (Gautam et al., 1995 (Gautam et al., , 1999 . The most severely affected mice that we have analyzed, the MuSK null mutants, do not have AChR clustering or any postsynaptic specialization (DeChiara et al., 1996) . Despite the absence of synapses, the mice have an increased number of motoneurons. These results suggest that synapses themselves are not the only privileged sites at which trophic communication occurs between muscle and nerve.
If one assumes that increased motoneuron survival occurs because of additional neurotrophic factor support and if synapses are not required for the action of these factors, then the actual location of these uptake sites needs to be considered. The most plausible explanation is that neurotrophic factors act along the entire surface of the axonal branches. Our experiments support the hypothesis that increased branching is responsible for the improved access of the motoneurons to their source of neurotrophic factor sustenance. Although there may be a quantitative relationship between branching and survival, it does not appear to be striking; in the rapsyn mutants, there is less branching than in MuSK or agrin mutants (Gautam et al., 1995 (Gautam et al., , 1996 (Gautam et al., , 1999 DeChiara et al., 1996; Burgess et al., 1999 ), yet they show similar levels of motoneuron survival. Any relationship between branching and survival would be subtle at best and difficult to prove. An additional complication is that normal innervation patterns vary among muscles, so it would be difficult to devise a measure of excess branching that would be valid for all of the different muscles.
Our results are supported by the observations of Banks et al. (2001) who showed that rapsyn-deficient mice have a significant increase in the number of motoneurons in the spinal cord accompanied by an increase in intramuscular axonal branching. They suggest that one of the mechanisms for regulating motoneuron survival during development may be related to skeletal muscle activity.
Conclusion
Previous studies have not provided information on whether neuromuscular junction formation plays a role in motoneuron survival. In this report, we demonstrate for the first time that motoneuron survival in mutant mice with disrupted neuromuscular junctions is increased in the absence of synaptogenesis. Our results support the hypothesis (Dahm and Landmesser, 1988; Oppenheim, 1989 ) that motoneuron survival depends on the access of motoneurons to their target tissue, and we would argue in favor of increased branching of the axons as opposed to synaptogenesis as a means for providing this improved accessibility. In considering what role synapses play in motoneuron survival, it is important to note that we have used mouse mutants in which synapse dysf unction is altered to varying degrees; rapsyn-deficient mice, as opposed to MuSKand agrin-deficient animals, retain a partial organization of their synaptic structure (i.e., synaptic nuclei and clustering of MuSK), and they initially show some muscle movement. Therefore these elementary aspects of synaptic regulation are not involved in motoneuron survival. Finally, studies using double mutants of C N TFR␣ and MuSK suggest that different subpopulations of motoneurons are involved in either the cell loss (i.e., in the C N TFR␣ Ϫ/Ϫ mutants) or the enhanced survival (i.e., in the MuSK Ϫ/Ϫ animals).
